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I. DlmarCTIon. 
n ine problem of the  enormous energy required t o  explain the  raC:o sources 

i s  not a c e w  one - it has been w i t h  us since the t i m e  t h a t :  

1. aaade and Ninkowski (1954) identified one of  t he  strongest r&dio sources 

i n  the sky (Cygnus A) with a rather dis tant  external  galaxy; znd 

Dorr.brovsky (1954) and Gort and WalrLven (1956) f o w d  the  polcrizaGlon 

Freaicted by shklovsky (1953) i n  the  opt ica l  radiation from t h e  Crzb Nebula 

redio source, thus ver i rying the theory that t h e  emission was synchrotron 

radiation. 

2. 

According t o  t h i s  theory, one can calculate t he  energy required i n  high-speed 

e lec t rons  and positrons and i n  magnetic f ie ld ,  f o r  synchrotron radiat ion t o  be 

emitted a t  L zit, ,iven by the  measured power output and frequency dependence 

of t he  rLaiation fro;;. sources a t  known ciistances. The calculat ions are w e l l  

known (cf.  Burbidge 1956a, b; 1959), und’have recently been carried out with 

the  newest observational data  by Maltby, Matthews, and Moffet (1963). 

The usual calculat ions assume tha t  t he  energy is  equally divided between 

t h a t  contained i n  the  high-energy pa r t i c l e s  and the  energy of the  rmgnetic f ield,  

since t h i s  divis ion gives the minihum energy requirements. 

are usually tabulated f o r  the  ident i f ied radio sources: one i n  which t h e  minimum 

energy i n  f i e l d  and i n  e lectrons and posi t rons (which are t h e  radiat ing pz r t i c l e s )  

i s  calculated,  and one i n  which allowance is  made f o r  t he  presence of  high-energy 

protons. 

require,  as t h e  f i n a l  stage i n  producing hfgh-energy electrons,  some kind of 

Two s e t s  of vaiues 

The la t ter  calculation i s  made because m o s t  suggested energy sources 

Fermi-type acceleration process and t h i s  would necessarily produce accelerated 

protons as well. 

electrons were secondary p a r t i c l e s  produced by interact ion between t h e  ambient 

gas and the  accelerated protons; multiple production theory then gave the  value 

Burbidge (1956a) and Ginzkurg (1957) suggested t h a t  the 
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of  1CO a c  2 rzasonable es t inate  f o r  the factor  by which the  proton energies 

exceed siie electron energies nezded t o  explain the  emission. 

T n i c  factor  of 100 is  customarily used in  the  more recent calculations.  

it has not been re-examined, and since the energy requirements are so enornous, 

even wizhou5 t h i s  factor,  we would l i k e  t o  draw the  at tent ion of theore t ica l  

workers t o  the need f o r  a c r i t i c a l  re-appraisal of the  mount of enerey which 

may be present in t he  proton flux. 

The largest  energy requirements discussed by Hoyle and Fowler at t h i s  con- 

ference are greater  tnan’the minimum energies f o r  another reason. The radio 

sources i n  many cases l i e  w e l l  outside the galaxies i n  which they originate,  and 

the  regions where t h e  radio emission i s  observed are the  volumes which must con- 

t a i n  the  relevant magnetic f ie lds .  Magnetic f i e l d s  of 10 o r  gauss, which 

come from the  calculations assuming equiparti t ion,  are much l a rge r  than can 

reasonably be expected t o  ex is t  i n  intergalact ic  space. Thus the magne-cic f i e l d s  

are almost cer tainly sna l le r  than the equipar t i t ion values and the t o t a l  energies 

consequently higher. We then arrive at the  figure of approximately 10 ergs, 

f o r  the content of t he  most energetic radio sources. The possible consequences 

of t he  dominance of pa r t i c l e  energies over magnetic f i e l d  energies are interest ing:  

t he  strong radio galaxies may contribute appreciably t o  the  general comic-ray 
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f l u x  (Burbidge 1962a; Burbidge and Hoyle 1964; Burbidge 1964). 

A good pa r t  of the  following sections w i l l  be found in d e t a i l  in a paper 

by Smdage and ourselves (Burbidge, Burbidge, and Smdage 1963). 

11. VI0I;ENT EVENTS IN GALAXBS: RELA!TION BETWEEN SI)RONG M D I O  93URCES, 

QUASI-DELLAR RADIO SJURCES, AND SXFERI GALAXIES 

The galaxies t h a t  are strong radio emit ters  and the  quas i - s te l la r  radio 

sources can be related with another manifestation of shork-lived energy release,  

taking place in the  nuclei  of  S y f e r t  galaxies (Seyfert 1943). The la t te r  have 
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3 .  These enission l ines  are very broad, izbicating, i f  t h i s  is Do2pler 

brczdenirig, ve loc i t ies  of 1000 - 3000 li;n/sec. 

usually broader than l i nes  02 other elezents. 

The hydrogen l i n e s  are 

The d i rec t  l i n k  w i t h  radio g a k i e s  comes about because two galaxies a r e  

c o x ~ o a  t o  both categories: XGC 1068 (Figure 1) and KC4 1275 (Figure 2 ) .  The 

former is a r e l a t ive ly  weak radio source, w i t h  only some la2 tiiies the nu1.pu-t 

from norm1 galaxies, but t i e  l a t t e r  is %- strong sowce.  

t o t a l  op t ica l  radiat ion emitted by some of  these objects, and t h a t  emizted i n  

the  enission l i nes  (mostly fron the work of Seyfer t ) ,  together with, f o r  com- 

parison, t n a t  emitted i n  op t ica l  radiation by M 82 (fron t h e  work of m c s  

and Sankge 1963) and by t h e  very strong radio solirce Cygnus A .  

Tabie i shows the  

1% is l i k e l y  

t n a t  the  Seyfert  galaxies represent a milder manifestation of t he  same kiad 

of violent  event that m u s t  be postulated t o  explain the  radio sources; ;)ossibly 

one r ay  be witnessing an e a r l i e r  stage i n  the  event, o r  t he  event ray be 

occurring i n  a d i f fe ren t  kind of galaxy. 

Tne very Large ve loc i t ies  indicated by the  broad emission l i n e s  l i n k  t h e  

Seyfert galaxies t o  the quasi-stellar radio sources ra ther  than t o  the  oraicary 

radio galaxies.  

<eatures In 3C273 were 5OA; i f  tnis is Doppler broadening, it indicates a 

veloci ty  range of SL5OO km/sec, which l i e s  r igh t  i n  the  range observed i n  

Seyfert nuciei .  

those which a r e  also Seyfert galaxies, do not have very broad l i nes .  

Scliiidt (1963) rioted thzt the  widths of the  ident i f ied  spec t ra l  

In contrast  t o  t h i s ,  spectra of radio galaxies, ozher t2i-i~:- 

IceecC, 



Sor.? i-zve nc e.sisslor, l k c s  a% aL, Z d  tiis sxci ta t ion is usually 1GW. 

excitatiori % the quasi-s te l lar  radio sources a lso tecds t o  be lower than in the  

SeyTert riiiclei. 

Fmz :?lck-energy resolution s tu i ies  of NCTC 1068, W a i K e r  (1963; Las Tomd 

thzz the  nuclear regLon consists of separate c b u d  complexes moving about in a 

disordered fashion w i t n  re la t ive  veloci t ies  - 10 3 h / s e c .  This w a  e a r l i e r  

found t o  5e the case NGC kljl by 0, C, wllsoa (unpublished) . Tnc l a r G e  

veloc i t ies  i n  the Seyfert nuclei  imply Nacn nuhers.  of 10 - 100; these ~ l i  lead 

t o  a hign r a t e  of energy dissipation and hezting. Further, these ve loc i t i e s  ex- 

ceed the escape veloci ty  from the  nuclear region and gas must be leaking out from 

it. 

Estimates of tne kinet ic  energy present in the nucleus can be &e i f  the 

gas density cam be calculated, as has been doae by Woltjer (1959) (using Seyfer t ' s  

photonetry) in NGC 4151 and EGC 1068. 

estimate the resul t ing kinet ic  energy t o  be 10 55k2 ergs. 

t h i s  is of the same o d e r  as t h a t  estimated from the radio emission of NGC 1068 

t o  be present In magnetic f i e l d  and high-energy pa r t i c l e s  (4  x 

tons dominate; 3 x los3 if only eleczrons are present). 

order of  magnitude as the  kinet ic  energy in the  moving Ha f i laaents  of 

~ 8 2  - 2 x 

Bearing i n  mind the  uncertaint ies ,  we 

It is  in te res t ing  t h a t  

ergs if pro- 

It is also of tine s a x  

ergs (Iqnds and Sandage 1963). 

Ten ger  cent of t h i s  kinet ic  energy of 

of a g a l a x y  such as NGC 1068, containing, say, 10 

t o  inpart ;notions of 50 km/sec. 

observed considerable momalous ve loc i t ies  i n  the gas in the  s p i r a l  a m  of 

NGC 1068, wnose velocic;~ were aaalyzed by gurbidge, Surbidge, and Prendergast 

(1959) i n  teL-ms of rotat ion of the g a l w .  

ergs, i f  dlssipated in t t e  disk 

8 Ma of  gas, would be s\ ;fflcient 

It is  in te res t ing  t h a t  Walker (19631 has 

Tnere is one fur ther  connection be-t-ieen the Seyfert galaxies and t'ne W i i ~ s i -  

s t e l l a r  radio sources t h a t  w e  wouli! l i k e  t o  point out. it has been suggsszec 
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that, at t h e  dip-' , adace  of 3C 273, if there  were a normal galaxy surrounciing 

the  brigzz s t a r - i l k s  G'GieCt, it should be v i s ib l e  on the exis t ing photographs 

( the :alzc. ;e% is ? h i n l y  Vis iXe) .  

then the  o3ject must be different  in  kind f roa  a zadio galaxy such as X X  5128. 

Now i n  Tiny of the  Seyfert galaxies, almost a l l  tine l i g h t  is concentrated i n  

the  bright nucbaus arid the o\irrounding g ~ h x y  Le, much fa in ter  thar, a norm31 

galaxy (XGC 4151, KGC 7469, NGC 5548, anc XGC 3516, shown i n  Figures 1, 5, and 

4, a r e  exaxples of this). 

NGC 1068 (Figure 1) and NGC 3227 (Figure k ) ,  fo r  exaniple, have outer parts of 

n o m i l  luminosity. We fee l ,  however, t h a t  it may be a signif'icant feature .  

11' <?ere Is no such underlyir4 galaxy, 

This is not t he  c2se i n  a l l  Seyfert galaxies; 

It brinGs pvizs rsny q ~ ~ s + , i ~ ~ s :  zye t h e  Seyfert gakxies with zzfzt c i j ter  

par t s  and t i e  quasi-s te l lar  radio sources objects of low mass? 

momentun and i n i t i a l  turbulent velocity? 

stage, abozt which a normal galaxy w i l l  Later form? 

questions which w e  cannot answer. 

low angular 

a r e  they objects a t  an ea r ly  evolutionary 

These are highly s p e c d a t i v e  

The lifetime fo r  t he  energetic phenomena occurring i n  nuclei  of Seyfert  

years, from the  time taken f o r  gas moving wiYa t h e  
4 galaxies is about 2 x 10 

observed ve loc i t ies  t o  escape from the  

f o r  t h e  observed opt ica l  emission from 

s t o r e  of kinet ic  energy is 2 orders of 

observed nuclear dimensiocs . Tne t i m e  

t he  nuclei  t o  exhaust tine calculztsa  
6 magnitude longer than t h i s ,  i.e., - 10 

years. The estimated frequency of Seyfert  galaxies amoog normal galaxies then 

indicates t h a t  the Seyfert phenomenon is l i k e l y  t o  be recurrent 100 t i n e s  or  

more during the  t o t a l  l i fe t ime of the  galaxy. 

radio galaxies, as disc,: sed ear l ie r  i n  tnj-s meeting, are thought TO be 

The estimated l i fe t imes fo r  

6 7 5 10 - 10 years, while a time scale of -10 years is indicated f o r  3C 273.  

The evidence for  l inking the  violent events i n  Seyfert  gakx ies ,  quasf- 

s t e l l a r  radio sources, and the  strong radio-emitting galaxies is reviewed i n  
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i i ~ .  POSSDLE SOLXCES OF EXZ3GY FOR RADIO GALAXllEs 

A vzr le ty  of  pro2osals have been r2he i n  the last  decade t o  explain tL;e 

energy f o r  outbursts i n  galaxies of the  nagnitude required t o  explain the 

radlo err,lssion. Wnich energy source is res2onsible has considerable bear i rg  

on the types of pa r t i c l e s  ejected and a l so  on the  form of the  p a r t i c l e  energy 

spectruii. The possible energy sources can be considered i n  three groups. They 

a r e  : 

(a) Energy which is released by t i e  interact ion of a galaxy with mater ia l  

t h a t  w a s  previously unconnected with it. 

In te rna l  energy i n  a galaxy i n  the form of r o t e t i o m 1  energy, turbulent 

energy, or magnetic f i e l d  energy which is released by some catastrophic 

(b) 

- p o c e s s .  

(c )  Energy which is released i n  the evolution of stars. 

gravi ta t ional  energy released when stars are formed, the nuclear energy 

released i n  thermonuclear explosions, and rest-mass energy which is re- 

leas'ed if  the  star goes t o  a highly collapsed phase. 

Included here is t h e  

I n  category (a) the  first proposal w a s  that  t he  energy was reieased i n  

co l l i s ions  between galaxies (Baade and Kinkowski 1954). 

t h i s  argunent cannot be sustained either on theore t ica l  grounds or  on the  bas i s  

of t h e  ident i f icat ions of ' rad io  sources (cf .  3urbidge 1961). I n  addition t o  

the  argments  given i n  :'-st l a t t e r  refere;z:z, t he  observational evidence now 

avai lable  shows t h a t  a la rge  number of the  sources of violent  a c t i v i t y  a r e  

centered on s ingle  galaxies, and the violence appears t o  start a t  t h e i r  centers .  

XGC 1275 (see Figure 2) st i l l .  presents an anblguous s i tmit ion i n  that it may be 

two sys tem i n  col l is ion,  but, as Minkowski 'has pointed out, t he  gas which has 

It is c lear  now t h z t  
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We s h a l l  return t o  a consideration 02 tine veloci ty  fislti In K C  2 7 5  l a t e r .  

X second proposal which f z i l s  lnto c r tegor j  ( L )  is  t h a t  the ezerey is  

p-odxcei! by 'the interact ion of 

anti-Yatter and t i e  subsequent 

(1956-3) and SurSidge and Hoyle 

hmothesis  i s  t n a t  one needs a 

rcatter , whatever cosmology one 

material i3 the  galaxy w i t h  zn t i -par t ic les  o r  

annillilatiori. 

(1356). 

Tiiis was propxed by Bur3lc?ge 

Tie general d i f f i cu i ty  w i t h  t h i s  

mecnanism fo r  separa t iw matter and zn t i -  

is workirc wit>, and witln ant i -gravi ty  r -ded out 

by t i e  argments  of Schifr" (1959j, this does not appear GO be possible.  T5.e 

a t t r a c t i o n  of the  hypothesis, a t  t i e  time it w a s  proposed, w a s  thaz it 2ro- 

vided electrons and positrons directly,  wltkiout t h e  need fo r  the large flux 

of high-ecergy protons, and hence the energy requirements were reduced; 

although an acceleration process was needed, whicn would cecessar i ly  accelerate  

protons as w e l l  as electr;,*s and positrons, a t  l e a s t  the  l a t t e r  would be 

injected in to  t h i s  process a t  energies above tine low energies where electron 

accelerat lcn is r e l a t ive ly  *efficient. 

Tne nost recent proposal i n  category (a) is that made by Sh'klovsw (1962) 

i n  wnich it is supposed that a galaxy in te rac ts  with material t h a t  has cme  

from outside. He spec i f ica l ly  considered the  case of M 87, and argued thzt 

t h e  material accreted by such a Iriissive system falls  in to  the  center.  

is released and raterial  i n  the  central  region is accelerated outward i n  the  

Energy 

fom of plasma j e t s .  

by Shklovsky t o  be about 10 Mg/year, and t h i s  is  compatible with the  norm1 

accret ion r a t e  f o r  a gahxy  of mass of t he  order of 10 

a2nsity 

Xii le  the  ra te  a t  which material falls  i n  9s e s t b a t e d  

I 2  Ma i n  a medium of 

3 i o  -*' gm/cm , the  de ta i l s  of t h i s  process a r e  not a t  a l l  c lear .  In 
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par t icu lar ,  it i s  not obvious how the  acceleration occurs, or why i n f a l i  o f  

m a t e r i a l  should always give rise t o  a violent  event which appears t o  emanate 

from the  center. Thus we see tha t  a l l  of t he  proposals which fa l l  i n to  cate- 

g o r j  (a) have d i f f i c u l t i e s  associated with them. 

We next t u rn  t o  t h e  processes involved in category (b). In i t s  process of 

formation a proto-galaxy must dissipate energy both by radiation and by the  

generation of large-scale motions i n  the  fragmentation which is  required i f  

stars are t o  form (cf.  Hoyle 1953). It might be asked wnetner t he  v io len t  re- 

lease of energy i n  some systems is associated with t h i s  stage or" evolu t im.  The 

obvious objection t o  t h i s  i s  t h a t  t h e  vast xa jo r i ty  of systems in which v io len t  

events are taking place are w e l l  organized and often highly evolved galaxies, 

i.e., t he  e l l i p t i c a l  galaxies. N 82 may be i n  a f a i r l y  ear ly  stage of evolution 

as deduced from the  integmted spectral type of A5 and t h e  large amunt o f  uncon- 

densed material, but it does not appear t o  be at the  very ear ly  stage at  wnich 

t h e  diss ipat ion of energy i n  t h i s  way i s  important. O f  t he  pecul iar  systems 

catalogued by Vorontsov-Velyaminov (1959) and studied by us, and others,  some 

are  thought t o  be s y s t e m s  at a31 early stage o f  evolution; none of  these kzve been 

ident i f ied  w i t h  r a d i o  sources. A possible exception t o  t h i s  i s  NGC 4036-39, 

which i s  one of t h e  weaker of the ident i f ied  radio sources. 

The question therefore a r i ses  as t o  whether any of t h e  in te rna l  energy in 

a well-developed galaxy could be released suddenly t o  give rise t o  a v io len t  

event. The only proposal of t h i s  type which has been made i s  t h a t  by Hoyle 

(1961) who argued t h a t  in galaxies with considerable amounts of gas containing 

magnetic flux and lerge an,.;ular mommta galact ic  flares could arise through 

discharges following :,,e winding up of t'ne magnetic f i e l d s  in the  centers.  

Tnis mechanism i s  similar t o  t h a t  proposed by Gold and Hoyle (1960) for t'ne 

generation of so la r  flares. While t h e  model proposed by Iioyle i s  not un- 



a t t r ac t ive ,  it suf fers  from the  disadvantage t h a t  t he  discharge conditions 

cannot be reached unless there  is a large amount of gas already present i n  

t h e  galaxy, and also a large amount of angular momentum per un i t  maS6. This 

means t h a t  massive systems with high ro ta t ions  containing large amounts of 

uncondensed material  are the obvious candidates t o  produce v io len t  events. 

However, most of the  galaxies i n  which v io len t  events are seen do not f u l f i l l  

a l l  of these conditions. 

contain l i t t l e  gas, and probably have l i t t l e  angular momentum. 

The e l l i p t i c a l  galaxies which are massive, of ten 

The Seyfer t  

galaxies,  while they do contain considerable amounts of  gas and a r e  fast 

rotat ing,  do not appear t o  have su f f i c i en t ly  large masses or mass concentrations. 

Finally,  therefore,  w e  come t o  the  processes which a r e  contained i n  category 

( c  ) . Ginzburg (1961) has a t tempted  t o  show that high-energy p a r t i c l e s  can be 

produced i n  the  early stages of formation of a galaxy  when gravi ta t iona l  

energy is released. However, as w e  have described earlier it appears t h a t  

none of t h e  galaxies f r o m  which radio sources have emanated are systems which 

are recent ly  formed. 

A s  w i l l  be seen i n  w h a t  follows, energy re lease  following star formation 

and evolution appears t o  give the bes t  hope of explaining the  phenomena. The 

observations of the  Crab nebula and other supernova remnants i n  our Galaxy 

show t h a t  in, or following, stellar explosions t h e  necessary conditions for 

a synchrotron source t o  appear are produced. 

(novae and supernovae) are ve loc i t ies  generated of t he  magnitude seen i n  the 

A l s o ,  only i n  stellar explosions 

Seyfer t  nuclei .  

galaxies a r e  t h e  recnl t  of multiple s?rpr.mova outbursts or t he i r  equivalent 

Thus it is natural  t o  suppose that t h e  v io len t  outbursts i n  

i n  energy output. 

Shklovsky (1960) argued simply t h a t  the  supernova rate must have been 

very considerably enhanced so t h a t  some lo6 or more supernovae have gone o f f  

a t  a rate of about 1 per year i n  a n  object l i k e  M 87. However, he had no 
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arSa-,ent as t o  wky t h i s  should occw-. 

of a star's evolution i s  i s  coz reasmabie t o  take t h i s  view unless  it i s  

suFposec t~at t-ie outbursts (a) are  causally connected, o r ,  (b) unless stars 

of very grezz mass are  continuocslj being formed ard evolve very rapidly. 

Cameron (1962) considered the rapid formation and evolution o f  massive stars 

i n  t h e  nuclear region of  e l l i p t i c a l  galaxies. H l s  calculations,  however, 

neglected turbulent motions i r ?  the  gas at the cenzers of such gaiaxies (Burbidge 

Since supernovae only occur at t h e  end 

15623). 

3urbldge (1961) proposed t h a t  a chain reaction of supernovae could be 

caaszi i n  t ze  nucleus of  a galaxy i f  one su2ernova went o f f  nazuraliy and t h e  

s t e l l a r  density w a s  sulr 'iciently hig2 so thz t  other  stars could be emloded. 

it W ~ S  eszLaxci t h a t  t he  star density reo_L;ired if suck a inechanim were t o  

work nust be o f  t he  order of 10 

t'ners- w a s  ao observational argument against zkis, par t icu lar iy  f o r  t h e  elliptical 

=;alzxies. Even higher star densi t ies  may be acceptable. Tne d i f f i c u l t y  l i e s  

if. urxerstanding now a detonation wave can propagate even i f  suf f ic ien t  l i g i t  

n x l e l  a re  gresent.  T"is projlen! has  not been solv?d, par t ly  because t h e  

gco:;e:ry imolveci i s  exceedingly d i f f i cu l t  t o  handle. Also modern ideas  eon- 

cwning  scpernova outbursts suggest zLat an in tegra l  pa r t  o f  t h e  n o m a l  supernova 

r;rccess i s  a catastrophic collapse. 'R-ie ckair, reaction mechanism would not lead 

l-0 r; b A - l s -  . 

;ravlz&tiocal (rest-mass) energy i s  involved, t h l s  cannot be expected to occur 

32- SLC? a rr,eccanisr?,. 

6 7 - 10 '  stars/9c3 a d  it w a s  pointed out tmzt 

i i r i z l l y ,  if the  magnitude of t he  energy rzleased suggescs t h a t  

S'ince %%e zheory of  t h e  release of grav i ta t iona l  enerar by t h e  fornation, 

6 . -  
P.,?. Q woluzion, and collapse of objects with masses as great  at 10 Ma has 

Sesri ;"ully 5iscussed at t h i s  meeting by Hoyle a d  Fowler (see a l so  Hoyle, Fowler, 

Sur-aidge, an6 Bui-bidge 1964), w e  s h a l l  no% discuss t h i s  fu r the r  here. 

l i k e  t o  nen t Im one fur ther  possibi l i ty:  

We wodd 

t h a t  of a ras id ly  accelerat ing process 
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of star co l l i s ion  leading t o  what might be cal led a "phase change" of matter 

i n  the  nuclei of  galaxies. 

are  underwsdr ai; ?resent: 

Since Gold w i l l  be ta lking about n i s  work l a t e r  during t h i s  meeting, we would 

Two independent investigations along these l i n e s  

one Sy Cald at Cornell, and one by Ulam at Los Alamos. 

iust l i k e  br ie f ly  t o  discuss Ulan's ideas. 
. .  

O f  t ke  radio galaxies which are close enough t o  be observed opt ica l ly  in 

de ta i l ,  t he  strongest sources tend t o  be highly lminous,  massive, rnaihly 

s t e l l a r  &.sterns, often with a character is t ic  extended luminosity d is t r ibu t ion  

(cf. Matthews and Morgan, this conference). 

Figdre 5 i s  

Abell 2i99, taken with the Lick 120-inch telescope. 

Figures 5 and 6 i l l u s t r a t e  t h i s .  

ul t raviolet  photogra2h of NGC 6166 ( 3 C  338), in the  c lus t e r  

aesolution in  the radio 

o'aservatlons i s  not suff ic ient  t o  place the emission i n  any one component of 

t h i s  rriuitiple e l l i p t i c a l ,  but t h e  ?robability i s  t h a t  t he  opt ical ly  unusud 

co::,Goner;t - the  br ightest ,  v e r j  extended galaxy with the  mall u l t r av io l e t  

nucieus - i s  responsible. Apart f rom the  u l t rav io le t  nucleus (which i s  mainly 

:G  111 A3727 emission), the  lack 03 central  concentration of the  l i g h t  and the 

,reat odxer extent, i n  corriparison w i t h  other galaxies i n  the c lus te r ,  i s  t o  be 

noted. 

nuclear region. 

Kinkowski has found a very large veloci ty  dispersion of t he  stars i n  the  

Figure 6 shows NGC 4782-3 (3C 278), photographed with the  Lick 120-inch 

telescope. Tne bifference i n  nuclear concentration i n  the  two components of 

t-is double (already noted by Greenstein (1961) from the l i g h t  d i s t r ibu t ion  i n  

h i s  spectra),  and the aqmie t r i ca l  outer isophotes, a re  t o  be noted. 

no evidence Tor any appreciable amount of gas i n  t h i s  object; t he  outer isophotes 

~cus'c be due t o  asymaetrical s t e l l a r  o r b i t s .  

There i s  

U l m  I s  considering the motions i n  a small group of stars as a p i l o t  problem 

i n  considering a bigger assembly. The question he asks first is: i f  a 

co l l i s ion  between two s t a r s  occurs, i s  a t k l r d  star l i k e l y  t o  col l ide i n  a 
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shorter  t i n e  than the time taken f o r  the r 'irst two? Very probably t h i s  is tne  

case. We do not h o w  what the  energy release in a s t e l l a r  co l l i s ion  would be, 

but if a rapidl; accelerating process of tkis type could lead  t o  the  agglomeration 

of the wkole nuclear region, we si.,oulb have a w a j  of producing the  10 - 10 Ma 

obJects who~c.2 subsequent history m i g h t  follow tine course described by Hoyle and 

Fowler. P u t h e r ,  6uring such an agglomeration which would occur by energy 

exciiage 25ong stars, many stzrs would be t h o w n  into o r b i t s  carrjring them far 

fro= the  nucleus, thus providing t h e  greatly extended l i g h t  d i s t r ibu t ions  

ob served. 

6 8 

IV . CONCLU SIOTi : T-BOXTICAL, REQJIREMF3T S 

L e t  ds coiieci together the observationaii f a c t s  t ha t  a successrul theory of 

radio sources has t o  account for: 

1. -. x e  xost  important i s  a Iceans of obtaining the very large energies, already 

referred t o  many t i n e s  during t h i s  conTerence. 

2. The energ7 nust be supplied in the right node, i . e . ,  i n  t he  form of high- 

energ: pa r t i c l e s  and magnetic I'ields. In  s t ress ing the  energy requirements, 

there i s  soceti?es a tencency not t o  pay enough at tent ion t o  t h i s  point.  

Althougi, ?;he magnetic energy may be already present i n  the  form of ga lac t ic  

o r  intergalact ic  f ie lds ,  there  nust be an e f f i c i en t  w a j  of producing and 

accelerating high-energy electrons. For those radio sources which emit 

synchrotron radiation i n  opt lcal  frequencies, the l i fe t imes  of t h e  radiat ing 

electrons are  no mor? than lo2 - 10 3 years so  ir, general there  m s t  be a way 

of continuously supplying or reaccelerating these pa r t i c l e s .  

3. ?!??e lifetimes (- loc years) or" radio sources (and the  shorter l i fe t imes  of  

<le e q l o s i v e  phenoxena in Seyfer, nuclei) ,  together with the spatial 

I'requency of these 0-ojects, show that  t he  violent  outbursts can be recurrent.  

Indeed, it i s  well known tha t  i n  t he  Centaurus A source ( I X C  5128), t he  radio 
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a o c G  the  =-or %cis  for the  extensive I'ila5ents emitting HU l i g h t  in M 82. 

i r  ,-,e hzve soze spectra t&en w i t h  the  32-inch telescope at the  McBnald ObservztorJ 

i n  s z v e r d  posLtion a g l e s ,  20n ~ X c h  we kope t o  deduce t h e  veloci ty  f i e l d  of  

+ bke e;rploclzz gzs b ::ore de ta i l .  Dr. V e r e  :Xibiz i s  working on these p l a t e s  

2% the --c:-.~L~, a d  she has brougkt to t k i s  zee t i i g  the  r e s u l t s  of r-easureclents 

05 0x2 ;o~zte i n  posit ion u?g le  83' , i.e., at - 2 0 ~  t o  t he  claior axis. 

i n t e r e s ~ i n g  thzt the  velocity greC.ier;t i s  greater  than e i t h e r  Mzp.ll' s ro ta t iona l  

veloci ty  gradient d o n g  t h e  xa,jor axis (Mayall 1360) or the  explosive veloci ty  

grzdienz d o n g  the  zinor  axis (Lynds and SuZage 1963); i-i is  &out 9 h / S e C  

pe r  s e c o ~ a  of arc. 

~t is  

In XCC 1275, we have obtained ~ e c t r z  iz znaiy posi t ion a g l e s  with tke  

i2O-inc? telescope zt Lick O~oservztory. 

t h e  'nope oI' plo t t ing  OIL% -Lke velocity f i e l d  in relatLon t o  the  oc t e r  gas?:~-ds 

T i i a e n t s  which have a b ig  velocity w i t :  respect t o  ti;? cez2ra.I- gdaxy ( T 2 3 ~ ~  

:ci/sec i n  the  l i n e  of sight (3Iin;rowski 1957)). We find t h a t  there  i s  iozized 

gas aromc the main galaxy, and t i e  emission lir,es produced by t h i s  gas are 

:rxIk-eL, giving the biggest velocity g:=<ient a posi t ion angle loo - 2 0 ~ .  

irsy be seen frox Tigure 2 t n a t  tke extencea aliter filaments (where Minkowski 

?ow.% the  3 ig  velocity displacezent) are located north and west of t he  galury, 

:rizinly i n  posit ion angle iiOo - 120°, i .e. ,  roughly perpendicular t o  the  

Zireetion of our  biggest veloci ty  gi-adiect. O u r  veloci ty  gradients amount t o  

L %w haicred krc/sec; we have found no r m  0: ve loc i t i e s  f i l l i n g  in the  range 

3 o n  5200 - 8200 km/sec nor any ve loc i t ies  showing a b i g  negative displacement. 

I-' our X ~ ~ S U Y ~ S  indiczte rotation of t he  g d a x \ j ,  then the  a i s  of ro ta t ion  l i e s  

X?i;&ly 5~ t h e  direction of the b ig  displrced velocity.  Tnis would s q p o d  the 

Z G 2 2 ? ; 2 t  0' .eieCtion dong the  a5.s 05 rotazi6n, 2s i n  $1 82. 

0. ?Lnz:ly, we have t o  under st an^ t'ne role  ;?lzyed by &ust ir: mdio sowces. 

Ke arz working on these at presenz, i n  

It 

r 

'?E ;2res?iXe Of dust in an otherwise nonal-looking g d a y  has  come t o  be 
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accepted as E good indication ?&it a ten ta t ive  ident i f ica t ion  with a radio 

source ~2.s i n  fact  co r rec t  (M 8 k  (Wade 1960) i s  an example). 

dust laic i n  XCZ 5 2 8  has &lrsz&~ been referred to .  

m e  brcad 

The dust pa t te rn  b 

- .  %'fie V Q - . -  - C - u ~ o  s3urce NGZ 136 (?GZXX A) i s  zmtiier good case. It car+ be seen 

i n  T ~ z . x e  7 thz% tke  dust i-zs ax unusuzl Sur,.ict..irs - ra tker  l i k e  t h a t  in 

SCC 1275 - mci excer,ds close l r L x  the center -out not througll it (the d i s t  

~ a e  szcn i n  ti-e shortest e:eos.;,-e i r -  zi6gpre 7 i s  s l i s k A t k  eccentr;:). 

A fsirit cark S i r x t u r z ,  possYaly dusk, i ~ e s  fomd ir, the  Sr ightcs t  colntionent 

of XC4 6166 (E. 11'1, Burbidge i952). 

dust 'oar near the  center czn be  seen ii? NGC jZ2'j' (Fig. k). 

a d  rsrr,ar:iaSle 6ust S i n c t i i r e  *A M 82 i s  one or' i t s  EOS .szrLExg feztures.  

b o z g  the  S y f e r t  galaxies, a x r i o u s  

Tne v e q  chaotic 

In cosclusion, we have to er.r;hzsize tkz t  theory i s  still a unsz%ls%CtOV 

,-,&e as rsgarcs accounting for the  data Zescribed above. 

i s  e connection between S y T e r t  gzlaxies, on t t e  one hand, and the  radio galzxies 

i?nC quasi-s te l lar  radio sources on the other, 

dilzerences are differences i n  lcinci, i n  c e p e e ,  o r  i n  time (i.e.,  stage of 

Levelop;-r.eaz of' the  aftermath of an explosio;?) . 
3i;~sts nay 3e t o  su2ply a considerable ex%ragalzctLc corngoneat of cosmic radiat ion 

tLroaghout q a c e  (BurbiCge -1962a, l-954; Ewbidge and Eioyie 1964). 

coilzipse o l  mssive  objeczs occurs,  there r:ay be a considerdde amount of "hidden 

ITI~SS" i n  existence i n  the universe. If out-mrsts have occurred i n  the  pas t  i n  

3resent -dq  quiescent galzxies l i k e  our own, the  e f fec t  of t h e  degraded energy 

supply fed into kinet ic  energy and thermal motions on the generacion of non- 

c l r c u l a r  ve l e - i t i e s  and even on the renew& of  sp i r a l  s t ructure  iyI galaxies a re  

poss ib i l i t i e s  XI be considered. 

Millle we think ;here 

do not know t o  what extent the  

2-e ef fec t  of recurrent '  oat- 

If gravi ta t iona l  

This ressarch has been s u ~ ~ o l i k d  i n  p s i e  by g r m t s  from the  National Science 

Toxdatio;r, a i d  EASA ( N s G - 3 5 7 ) .  
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Table 1 

Luminosity of 

Nucleus 

(erg/sec 1 

Energy Emitted in 

Emission Lines  

(e rg/se c 1 

NGC 1068a 

1275 

3516 

4051 

4151 

42 

42 

42 

42 

42 

20 x 10 

19 x 10 

25 x 10 

1 x 10 

16 x i o  

42 52 x 10 

42 400 x 10 

(luminosity of 
whole optical  

system) 

42 2.7 x 10 

42 1.2 x 10 

1.2 x (hydrogen wings) 

2.2 x (remainder) 

2 x l ob  (Ha only) 
42 = 200 x' 10 

a New measure by A. R. Sandage 
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FIGURE CAPTIONS 

Fig. 1 Two Seyfert galaxies, NGC 1068i,(upper) and NGC 4151 (lower). 

photographed with McDonald 82-inch telescope on Eastman Kodak 103 - 0 

emulsion, no filter. 

1 mm = 2".7 in both. 

Both 

North at  top, west at  l e f t  in both; scale: 

Fig. 2 Iladio galaxy NGC 1275 (Lick 120-inch telescope; Eastman Kodak 103 - 0 

emulsion, no f i l ter) .  exposure, showing outer  fila- 

ments and dust s t ructure;  inset i s  srn exposure, showing s t ruc ture  in 

center. 

m Main plate is 45 

North at  top, w e s t  at le f t ;  scale  (same in both): 1 mm = 1'14. 

Fig. 3 Upper: Spectrum of nucleus o f  Seyfert, g a l w  NGC 7469 (Lick 120-inch 

prime focus: 

Ha and [N I1 J ~6583 emission, with narrow inclined cores. 

NGC 7469 and its companion (lef ' t)  I C  5283 (Lick 120-inch telescope, 

Ezstmxi KGW 103s = o em-~s im,  ED filter). 

scale: 

20m exposure at  a, 5m exposure at b ) ,  showing very broad - - 
Lower: 

~nyt.h at. left., ea s t  at top; 

1 mm = 1". 5. 

Fig. 4 Three Seyfert galaxies (all with McDonald 82-inch telescope, on baked 

&stman Kodak IIa - 0 emulsion, no f i l t e r ) .  

e l l i p t i c a l  companion NGC 3226); scale: 1 mm = 2'19. Lower lef i :  NGC 
3516, lower right:  NGC 5548; sca le  f o r  both: 1 mm = 2'5 6. North a t  
left ,  east at  top in a l l .  

Upper: NGC 927 (with i ts  

Fig. 5 Negative p r i n t  of multiple e l l i p t i c a l  rad io  source NGC 6166 (north a t  

top, w e s t  at l e f t ) .  

Eastman Kodak IIa - 0 plate  through Schott UG1 f i l t e r  and Ross corrector  

( i so la t ing  small wavelength region around redshif ted A3727). 

1 mm = 0". 76. Note lack of cen t r a l  concentration and great  outer  extent 

of br ightest  component; also small W nucleus (appearance of small cross 

about center is spurious, due t o  f l a w  i n  two-stage reproduction). 

Double e l l i p t i c a l  radio source NGC 4782-3. 'Three exposures (45m, 15m, 
srn) with 120-inch Lick telescope on Eastman KOBE& lO3a - D emulsion 

through Schott G G l l  f i l t e r .  Note asymmetrical light d i s t r ibu t ion  i n  
longest exposure, and different  l i g h t  d i s t r ibu t io r  in centers of two com- 

ponents. 

N E  1 3 6  (Fornax A radio source), showing dust s t ruc ture .  
30m (upper), 8" (lower l e f t ) ,  and zm (lower r igh t ) ,  a l l  at prime focus of 
82-inch McDonald telescope on baked Eastman Kodak IIa - 0 emulsion, no 

f i l ter .  

Photographed with 120-inch Lick telescope on baked 

Scale : 

Fig. 6 

For a l l ,  north i s  at  top, west at l e f t ;  sca le  is  1 mm = l'! 3. 
Exposures of Fig. 7 

North at top, west at  lef t ;  scale  in all is 1 mm = 2'18. 
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